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位氧化法。扫描电子显微镜（SEM）图像展示了 PPy纳米线和 CuxO纳米粒修饰 PPy
纳米线的形貌特征。未修饰的 PPy 纳米线，光滑，直径约为 100 nm。CuxO 纳米粒
修饰 PPy纳米线，CuxO纳米粒沿 PPy纳米线排列整齐，纳米粒的粒径约为 90 nm。
X射线衍射分析和能谱分析确认了 CuxO/PPy/Au 的元素及结构组成。交流阻抗测试 
(EIS) 测定了在含有 10 mM [Fe(CN)6]
4-/3-的电解液中 CuxO/PPy/Au表面的电子传导
阻力约为 187 Ω。采用，循环伏安法（CV）和恒电位计时电流法在碱性溶液中研
究了 CuxO/PPy/Au 对葡萄糖的电催化氧化性能。该传感器线性范围为 0-8 mM，是
目前报道的基于氧化铜或氧化亚铜的无酶葡萄糖传感器线性范围的两倍。传感器
的响应时间为 5 s，灵敏度为 232.22 μAmM−1cm−2，检测限为 6.2 μM （信噪比
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Abstract 
It is important to develop good technologies to detect Glucose (GLC) levels in 
different fields such as blood, food quality control and pharmaceuticals. The majority of 
known amperometric biosensors for GLC monitoring focused on two major types, the 
enzymatic and nonenzymatic GLC sensors. The enzymatic GLC sensors suffer from 
poor reproducibility, thermal and chemical instability due to intrinsic nature of enzymes. 
To overcome these drawbacks, many efforts have been made for the amperometric 
measurements of GLC without using enzyme. 
Transition metal oxides exhibited high the catalytic oxidation ability towards GLC. 
CuO and Cu2O exhibited proper redox potentials, excellent stability in air and solutions,  
good electrochemical and catalytic properties. Polypyrrole (PPy) nanowire as a typical 
nanomaterial of conducting polymers is very effective substrate for fabricating 
biosensors due to its high aspect ratio, good electrical properties and excellent 
biocompatibility.Therefore, the synergy between PPy nanowires and metal 
oxidesmightlead to improve the detection performance of nonenzymatic GLC sensors. 
CuxO (CuO and Cu2O composite) nanoparticles modified polypyrrole (PPy) 
nanowireswerefabricated and used as a biosensorfor detecting glucose (GLC). PPy 
nanowires were prepared through electrodeposition, while CuxO nanoparticles were 
deposited on PPy nanowires by electrodeposition and electrochemical oxidation in situ. 
The scanning electron microscopy (SEM) images showed the smooth PPy nanowires 
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about 100 nm. SEM images showed the CuxO nanoparticles aligned along the PPy 
nanowires uniformly and the average size of CuxO nanoparticles is about 90 nm. X-ray 
diffraction (XRD) patterns and energy dispersive spectrometer (EDS) analysis 
confirmed the elemental compositions of CuxO/PPy/Au.The electrochemical impedance 
spectroscopy (EIS) was investigated in the presence of redox probe [Fe(CN)6]
4−/3−
.The 
electron transfer resistance (Rct) value of CuxO/PPy/Au was found to be 187 Ω. The 
electrocatalytic activity of CuxO/PPy/Au towards GLC was investigated under alkaline 
conditions using cyclic voltammetry (CV) and chronoamperometry. The sensor 
exhibited a linear range up to 8 mM of GLC, which is more than two times of most of 
the existing non-enzymatic GLC sensors based on CuO or Cu2O.The response timeis 5 s, 




and detection limit is 6.2 μM (at 
signal/noise = 3). The as-synthesized CuxO/PPy/Au electrodes were used to determine 
GLC concentration of human blood serum. The GLC concentrations of the samples are 
in good agreement with the results provided by hospital. Moreover, the sensor showed 
excellent selectivity, reproducibility and stability properties. These excellent 
performances make CuxO/PPy/Au a good nonenzymatic GLC sensor and can be applied 
in clinical diagnostics. 
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图 1-1 传感器的工作原理示意图 
























































图 1-2 葡萄糖氧化酶的结构 
Fig. 1-2 The configuration of glucose oxidase. 
 
1.2.1 电化学酶葡萄糖传感器的发展进程 













此 FAD 与外界的电子转移，即氧化被还原的 FADH2 活性位点，是制备酶葡萄糖
传感器的关键。 
氧化 FADH2 活性位点的方式有以下三种，通过自然存在的氧气氧化，FADH2





























图 1-3 第一代酶葡萄糖传感器的电子转移机理 
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